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Foreword 


Physics is the comerstone of basic sciences. It deals with the 
understanding of nature and what goes around us, big and small in this 
univers Itis the root of all sciences. Inerwined with itis chemistry which 
focuses on reactions between materials, biology which deals with living 


creatures, geologs 


which is involved with the layers of the Earth, and 
astronomy which treats celestial objects. But in the end, physics remains 
the motherofall sciences andthe basis forthe tremendous present scientific 
and technological progress. Understanding physics means understanding 
the laws goveming this universe. Such undersanding has led w the 
current industrial development sperarheade! by the Weu The Arah 
and Moslems were once the pioneers of civilization іп the world when 
they realized the importance of understanding the laws of this universe 
We owe them the discovery of most laws of physics centuries before 
the West. The foundations of medicine, physics, chemistry, astronomy, 


mathematics and music were all laid by Arab and Moslem scientists 


In fact, understanding physics and its applications converts a poor, 
developed society into an affluent and developed one. This. 


aken place in Europe, US, Japan and South East Asia. Computers, 


lies, cellular (mobile) phones, and TV are all byproducts of 


physics. Genetics is currently being looked into intensively, It is 
targeted to use genetics, atoms and lasers in the computer of the future. 


It is a limitless world, enriched by imagination where sky is the limit. 


The scientific progress is a cumulative effort. This collective 
endeevor has led to where we are today. A scholar of physics must 
be acquainted with such accumulated knowledge in a short time, so. 
that he could add to it within the limited span of his life. In studying 
what others have found, we must skip details trials, and extract 
the end results and build on them. A global view is therfore, more 
important at this stage than being drowned in minute details that 


could be postponed to a later stage of study. 


This hook is divided into 3 unite. Unit 1 deals with waves, which 


are the basis of communication in the universe. (Chapter 1) deals 


with wave motion, and (chapter 2) with light 


Unit 2 deals with fluid mechanics; hydrostatics (chapter 3) and 
hydrodynamics (chapter 4). Unit 3 deals with heat, where (chapter 5) 
deals with gas laws 


The book is provided with some links in Egyptian Knowledge Bank 
www.ekbeg 
enhanc learning and achieve hetter understanding 


Chapter 1 : Wave Motion 


Chapter 2 : Light 


Overview : 


Many of us enjoy watching waves on the surface of water pushing а fishing float or a 
boat up and down, or even making waves by throwing a pebble in а pond or still water. 
Each pebble becomes a source of disturbance in the water, spreading waves as concentric 
circles (Fig 1-1). Hence, waves are disturbances that spread and салу along energy. 


Waves spreading rom a 
point source 


Waves are not only water waves. There are, for example, radio waves. We often hear the 
announcer say: "This is Radio Cairo on the medium wave 3667 m". Also, TV stations 
transmit both sound and image in the form of waves which are received by the aril 
(antenna) . Such waves are transformed into electrical signals in the receiver, where they 
are eventually converted back to sound (audio) and image (video). Also, the mobile phone 
runs on waves. Sound signals are transformed into electrical signals then into 
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electromagnetic waves spreading in space and the surrounding medium . When received by 
the mobile antenna at the receiver, electromagnetic waves are transformed back into 
electrical signals and then to sound or even to an image. 

We can see water waves but we cannot see the radio, TV or mobile waves. However, 
we can detect them. Water waves are mechanical waves, so are sound waves and waves in 
vibrating strings. But radio, TV, and mobile waves are electromagnetic waves. Among 
these electromagnetic (em) waves, there are, for example, light waves and X-rays which 
are used in radiology. Mechanical waves require a medium to propagate through, while 
(em) waves do not require a medium. They can propagate in space. 


ПЫ Go Further 


For more knowledge about this topic you 
can refer to the Egyptian Knowledge Bank 
(EKB) through the opposite link 


Mechanical Waves 
Mechanical waves require the following > 
1) a vibrating source. 
2 ya disturbance transmitted from the source to the medium. 
За medium that carries a vibration. 
There are many forms of vibrating sources 
1 ) a simple vibrating pendulum (Fi 1-2) 
2) atuning fork (Fig 1-3). 
3) a vibrating stretched wire (or string) (Fig 1-4) 
4 ) a plumb (bob) attached to a vibrating spring (Yoyo) (Fig 1-5) 


— — 
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A vibrating string 


d 


ا و nin‏ 


То study vibrations, we need to define some relevant physical quantities such ас 
displacement, amplitude, complete oscillation, periodic іле and frequency as follows: 


1- Displacement (meter): is the distance of a vibrating body at any instant from its rest 
position or its equilibrium origin. I is a vector quantity 


Unit 1 
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2-Amplitude (А) (meter): is the maximum displacement of the vibrating object or the 
distance between two points along the path of the object, where the velocity at one point is 
‘maximum and zero at the other. 


3-Complete Oscillation: is the motion of a vibrating body in the interval between the 
instants of passing by one point along the path of its motion twice successively with 
‘motion in the same direction and same displacement, іс. at the same phase, relative to the 
starting point of motion. 


4-Frequency (V) (Hertz or Hz): is the number of complete oscillations made by 
a vibrating body in one second. 
5-Periodic Time (T) (seconds): is the time taken by a vibrating body 'o make one 


complete oscillation, or the time taken by the vibrating body to pass by the same point 
along the path of motion twice successively with motion in the same direction and the 


same displacement. 


ТЕТІ 
5-5 
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Longitudinal Waves: 

Imagine a mass “m” on a smooth horizontal surface attached to one end of a spring 
whose other end is attached to a vertical wall. If we pull te mass in the direction of the 
spring and let it go, the mass moves around its rest position in an oscillatory motion toward 
the spring and away (Fig 1-6). This is a simple harmonic motion. If we draw the curve 
that the center of gravity of the mass makes with respect to its rest position, we will obtain 
а sine wave (Fig 1-7). This is what distinguishes a simple harmonic motion from any 
other type of motion. 


Motion 


E 


1 
ms poston? 
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releasing the sping > 


A viratirg spring 


A sine wave resulting from a 
simple harmonic motion 
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Let us now imagine a mass "m" on a smooth horizontal surface attached at on: end toa 
spring and the other end to another long spring, whose far end is attached to a vetical wall 
(Fig 1-82). If we pull the mass "m" to the right in the direction of the spring to position 
A, then part of the spring to the right of “A” is compressed. This compression is 
transmitted successively to the right. If the mass "m" is pulled to the position x = - A, the 
spring ( the right of the mass elongates leading to rarefaction. This rarefaction soon 
spreads to the right, when the mass m goes back to the rest position x = 0 apain. The 
successive compressions and raefction form a wave mation performed by the vibrating 
particles of the medium (spring), which gives a simple harmonic motion. The direction of 
wave propagation is the same as the direction of the spreading of disturbance. This is 
called longitudinal wave, since compressions and rarefactions spread along the length of 
the spring (Fig 1-85) 


A vibrating spring forms 
alongituánal wave 


Compressions and rarefactions 
in a bangla wave 
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‘Thus, a vibrating source making a simple harmonic motion may generate a wave 
propagating at velocity "v". Each particle of the medium performs, in tum, a simple 
harmonic motion about із equilibrium position. An example of this motion is the 
longitudinal waves of sound in air. 

Transverse Waves: 

Imagine а mass “m” attached to a vertical spring. A long horizontal taut (stretched) rope 
is also attached to this mass at the near end, while the other (far) end of the rope is attached 
toa vertical wall. 

When the mass “m” performs a simple harmonic motion in the vertical direction, then 
the near end of the rope performs the same motion. Consequently, the following pars of 
the rope do the sume thing successively. Then бе motion transfers horizontally along the 
Tope in the form of a wave at velocity "v^, while the other pars of the rope oscillate 
vertically in a simple harmonic motion about their rest positions. This wave is called a 


transverse wave (Fig 1 9a). 


, vertical displacement 


You can do this experiment yourself by using a long stretched rope. The far end is 
attached to a vertical wall while the near end is in your hand. When you move your hand up. 
and down in the form of a pulse, you note that the wave spreads in a pulse form along the 
ope, This is huown as a uaveling wave (Fig 1-10). 


A pulse resuieg rom pert ofa simple harmonic moion 
spreading along a stretched rope 
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A vain wave speadn in a au (sreched) po duo оа 
continous simpl harmonic motion at the near end 


А wave may also be continuous (called а traveling wave train) as long as the simple 
harmonic motion of the source keeps on (Fig 1-11). 

The stretched rope may be replaced by a spring in which a longitudinal wave (Fig 1-12) 
ora transverse wave (Fig 1-13) may be generated . We conclude that as a source oscillates , 
the panicles of the medium oscillate successively іп the same way. The vibration transfers 
first from the source і the particle of the medium next to it, then into the опе connected to 
it then into the following ones and so on. Thus, the vibration or disturbance forms a wave, 
since the wave is nothing but a disturbance (or energy) on the move along which energy is 
carried through 


2019-2020 — — 


Averatng 


lorgtuóeal weve 


Avus spi тазу 


In conclusion, we may classify mechanical waves into two types: 
1) Transverse waves 


2) Longitudinal waves 
In transverse waves, the particles of the medium oscillate about their equilibrium 


positions in a direction perpendicular to the direction of the propagation of the wave. 
In longitudinal waves, the particles of the medium oscillate about their equilibrium 
Positions along the direction of the propagation of the wave. 
The work done by the oscillating source is converted to the particles of a string (or a 
stretched rope) in the farm of potential energy stored as tension in the string and kinetic 


š 
9 
< 
إن‎ 
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energy manifested in the vibration of the particles of 
the sting 


Referring to (Fig 1-14), the points at maximum 


upward displacement im the positive direction are 
called crests, while the points of maximum downward 


displacement in the negatived direction are called troughs, 


Observing any part of a vibrating string carrying a 
transverse wave, we find that it has one crest and one 
trough during one complete oscillation . 


Frequency (1) (Hertz) and wavelength (1) (meter) 


The distance between two successive crests or two 
successive troughs in a transverse wave is called 
wwavelengh (Fig 115). бішішіу, the distance 
between two successive contractions (compressions) 
or two successive rarefactions in a longitudinal wave 
is called wavelength (Fig 1-16). 

Thus, we may represent the wavelength by either 
ofthe two distances (AC) and (BD\Fig 1-17). It is 


direction of wave propagation 


bb. t 


a 


A piara لم‎ tnam Возна an tha np ді 


a wave (crest) or at bottom (rough) 


to be noted that the two successive pairs of points (А.С) and (B, D) move in the same 
way atthe same time. We say they have the same phase, ie. the same displacement in 


the same direction. 


— — 


Waveiengn n a transverse wave 


"Thus, the wavelength is the distance between two successive points of the same phase 
(Fig 1-17). Alternatively, it is the distance which the wave travels during one periodic 


time (Fig 1-18). 


Wavelencim in a longtuáral wave 


The number of waves passing by a certain point along the wave path in one second is 
called frequency. 
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The detarce which a wave moves 
in a periode time Ti he wavelength 
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A train of waves at velcty “У generated by a vibrator 


The relation between frequency. wavelength and velocity of propagation: 
Ifa wave travels at velocity "Y^, a distance equal to the wavelength “2”, then the wave 
takes time equal to the periodic time "T" to travel this distance. 


ЕТІ 


5 
< 
0 
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This is a general relation for all types of waves. 
Тай cases , within a periodic time "T" a wave travels a wavelength. 

Frequency is the number of oscillations in one second or the number of wavelengths 
traveled by a wave propagating in a certain direction in one second. 


2019-2020 
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Examples:- 
1) If the wavelength of a sound wave produced by a train is 06 m and the frequency is 


580 Hz,what is the velocity of sound in air? 


Solution:- 


Motion 


v206 4580230 wk 
2) If the number of waves passing by a certain point in one second is 12 oscillations and 


the wavelength is 0.1 m, calculate the sped of propagation. 
Solution:- 


E 


vv 
v=I2NO1=12 mi 
3) Light waves propagate in space al speed 300 000kms (3x m/s), and the wavelength 
of light is 5000 A" What is the frequency of tis light ? 
1 Angstrom A") = 
Solution:- 


31 mis 


eSI 107 25x10" m 
ET 
ET ETT TA 


3x10" = 6x10 He 


can refer to the Egyptian Knowledge 
(EKB) through the opposite links 


«A wave isa disturbance which spreads and caries energy long. 

«Displacement is the distance of an object at any instant from its resiequilibrium) position. 

«+ The amplitude of oscillation "A" is the maximum displacement of an oscillating object 
from its rest position, or the distance between two points along the path of the oscillating 
object where the velocity at one point is maximum and at the other is nil. 

«+ A complete oscillation is the movement of a continuously vibrating body ( e.g. a simple 
pendulum) is the interval between the instants of time as it passes by а cera point 
along its path twice successively with motion in the same direction. 

+ Frequency "V" is the number of complete oscillations produced by a vibrating object in 
one second and is equal o the inverse of the periodic 


Frequency 


токат 


Ir is also the number of waves passing by a certain point along the path of a wave in one 

second. 

« Periodic time "T" is the time taken by a continuously vibrating body о perform one 
complete oscillation, or the time taken by a continuously vibrating body (e a simple 
pendulum ) to pass by a point along its path twice successively with motion in the same 
direction. 

. Mechanical waves are either: 

1) transverse waves. 
2) longitudinal waves 

a Transverse waves are waves in which the particles of a medium oscillate about their 
equilibrium positions in a direction perpendicular to the direction of propagation of the 
wave 

* Longitudinal waves are waves in which the packs of a medium oscillate about their 
equilibrium positions along the same path of propagation of the wave. 

«Transverse waves comprise crests and troughs in succession. 
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+ Longitudinal waves comprise compressions and rarefaction in succession 

+ Wavelength is the distance between two successive points along the direction of 
propagation of the wave, where the phase is the same (same displacement and same 
direction) 

. The relation between frequency, wavelength and velocity of a wave is given by: ved v. 


ave Motion 


We 
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T) Define. 
Wave - Transverse Wave - Longitudinal Wave - Wavelength 


1) Complete: 
3) Displacement is 
b) Amplitude of oscillation i... 
©) Complete oscillation is 
d) Periodic time is 
e) Frequenc 
MI) Essay question: 
Deduce the relation between frequency, wavelength and veloci 


of wave propagation. 


IV) Put a tick sign (V) next to the right choice in the following : 

1) The relation between the velocity of propagation of the waves "v" in a medium , its 
frequency and wavelength is 
لاله‎ bvzviA 
dv 


4) theres no comect answer 
2) Transverse waves are waves consisting of 
a) Compressions and rarefactions 
D) Cress and орь 
€) Crests and troughs, where the particles of the medium move short distances about 
their equilibrium positions in a direction perpendicular to the direction of propagation 
4) Compressions and rarefactons, where the particles of the medium nove short 
distances about their equilibrium positions along the direction of propagation of the 
wae 
3) If the wavelength of a sound wave produced by an audio ( sound producing) source is 
0.5 т, the frequency is 666 Hz 4hen the velocity of propagation of sound in air is: 
2)338m/s 0333 m/s 9300/05 — djMémis 


5 
E 
z 
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4) Ifthe velocity of sound in air كذ‎ 340 ms, for a sound of frequency (tone) 255 Hz , the 


wavelength) is 
243 534 92 032 
5) Light of wavelength 4004 (1А 16 "m ) propagates in space at velocity 300 x اسه‎ 
its frequency is: 
(a) 4x 10" He (4x10 He 
(зх оњ [T 


6) Two waves whose frequencies are 256 Hz and 512 Hz propagate in a certain medium , 


the ratio between their wavelengths is 
الاك‎ 9 on an 


Unit 1 
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موجات الرادير 


.2 ا 
1 


Light is part of an extensive range of waves 
өзіні electromagnetic waves, which all vavel at a constant sped in space equal o 3 x 10" ms, 
while varying in frequency This range nf waves ic called the electmmagneticcpectnim 
(Fig 21). includes, for example, radio waves, infrared, visible light, ultraviolet, 

X- rays and Gamma rays. They all share common features indicated in the 
link below. 


0 
2 
N 


— 
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Reflection and retraction of light. 

Light propagates in straight lines in all directions, unless met by an obstructing medium. 
If so, it undergoes reflection, refraction and partial absorption depending on the nature of 
the medium. When a light ray falls on a surface separating two media - which are different 
in optical density - then part of light is reflected and the rest is refracted, neglecting 
absorption. We note from Fig (2-2) that each of the incident ray, reflected ray and refracted 
tay as well as the кеші ما‎ the surface at the point of Шан Тіп 
incidence all lie in one plane perpendicular to the separating pale’ % eam 
surface. * 

In the case of reflection : the angle of incidence is equal to 
the angle of reflection 

Inthe case of refraction : the ratio between the sine of the 


mm o 


Reflection. 
angle of ection in he second medium sequal the nio ^ n 
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ofthe speed of light in the first medium to the sped of light in бе second medium. This 
табо is constant for these two media, and كذ‎ called relative refractive index from the first 
‘medium to the second medium, denoted by п, 


_ Important facts. 

1) The sped of light in space "7 is one of the physical constants ofthe universe and is 
qual to 3 x 10 mis It is larger than the speed of light in any medium "V... The ratio 

is called the absolute refractive index for the medium and is always > 1 


2-2 دم 


The absolute refractive indices of some materials are listed below 
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2) From the relation (2-2) 


‘here v, is the speed of light in the first medium, v, is the speed of light in the second 
medium. Substituting equation (2-3) in 2-1), we have: 
رو‎ int 
me 


msing=msinð | 14 


This is Snell's law 
The absolute refractive index for the medium of incidence times the sine of the angle of 

incidence is equal to the absolue refractive index of the medium of refraction time» the 

sine of the angle of refraction. 

3) We can use refraction in analyzing а bundle of light into its components of different 
wavelengths, since the absolute refractive index varies with wavelength. Therefore, white 
light may he баспаса inn ік compnnents. This can he каеп for example, in nap мініс 


For more knowledge about this topic you 
can refer to the Egyptian Knowledge Bank 
(EKB) through the opposite links 
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Examples. 


1) Ifa light ray falls o the surface of a g 
». 
Solution 


xs slab whose refractive index is 1.5 at an angle 


ulate the angle of refraction, 


D) ihe absolute refractive index of wateris 3. and glas 3, find 


1) the relative refractive index from water to 


b) the relative refractive index fr 


Q 


— 


Solution 
a) The relative refractive index fmm water to glass 


PETIT 


d 


waves 


From this example, we note: 


Interference of light 
Thomas Young performed a well known experiment to study the interference of light 
namely the double slit experiment (Fg 2-3) In this experiment, he used a monochromatic 
(single wavelength) light source. ie.. À has one value. 
At an appropriate distance from the source. lies a ereen with a rectangular clit 5 through 
which cylindrical waves pass toward another screen with two narrow slits S, and S, which 
act as a dole slit, and lie on the wavefront of de cylindrical wave. Therefore, waves 


cylindrical and spread toward the observation screen C. On such a screen, 
waves coming from S, and S combine and produce an interference patem, 
appearing as a sequence of bright and dark straight parallel regions, which are 
the interference fringes (Fig 2-4). The distance between two successive = 


reaching the double slit have the same phase, hence, are coherent (having the 
same frequency, amplitude and phase). Waves emanating from S, and S, are N 


fringes Ay is given by: 


where À is the wavelength of the monochromatic source, R is the distance 
between the double slit and the observation screen and d is the distance (ШИЕ) 
between S, 105, E d 
Therefore, this experiment may be used to determine the wavelength (е 77 
any monochromatic light source. 


Go Further 


For more knowledge about this topic you 
can refer to the Egyptian Knowledge Bank 
(EKB) through the opposite link 


Examples. 

Ina double slit experiment, the distance between the slits is 0000 5m, the distance 
between the double slit and the observation screen is 075 m and the distance between two 
bright fringes 50.003 m. Calculate th 


wavelength of the monochromati light source. 


075 


10^ x06x 10* = 60 A 
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Light Diffraction 

When a monochromatic light falls on a circular aperture in a screen, we expe that light 
should form a circular bright spot on an observation screen, considering that light 
propagates in straight lines. But careful examination of the bright spot (called Airy’s disk), 
ie, studying the light intensity, reveals the existence of bright and dark fringes (Fig 2-5). 


LA 
x * 
pann 
Са 
Ll 
HES 


(Fig 2-6) demonstrates diffraction from a rectangular slit, while ما‎ general, diffraction 
is evident when the wavelength ofthe wave is comparable to the dimensions of 

the aperture, and vice versa 11 fact, there is no big difference between the mechanisms 
of interference and diffraction. In both cases, combination (superposition) of waves 
is involved 


% 


Go Further 
For more knowledge about this topic you 
can refer to the Egyptian Knowledge Bank Ё 
(EKB) through the opposite link 
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light as a wave motion 
From above, we conclude that light 
1) propagates in straight lines 
2) reflects according to the laws of reflection 
З) retracts according to the laws of refraction 
4) light interferes, and as a result, light intensity increases in certain positions (bright 
fringesjand diminishes to zero in other positions (dark fringes). 
5) light diffracts if obstructed by an obstacle 
These are the same general properties of waves. Hence, light is a ware motion 


Total reflection and the critical angle 

When a light ray travels from an optically dense medium (as water or glass) to a less 
dense medium (as air), then the refracted ray deviates away from the normal (Fig 2-7). As 
the angle of incidence increases in the more dense medium (of high absolute refractive 
index), the refraction angle in the less dense medium (of low absolute refractive index) 
increases. 


a) [7] ) @ 


Incidence o igh rom a more optically dense medium io a less орай) dense medium 


A point is reached when ік angle of incidence هذ‎ the more dense medium approaches 
1 critical vale ¢, when the ingl of refraction in the less dense medium reaches its 
maximam, which is 90°, Thea,he refracted ray becomes tangent to the surface. 


We call this a grazing ray. and this angle of incidence is called the critical angle. which is 
the angle of incidence in the dense medium, which corresponds to an angle of refraction in 
theless dense medium equal o 90. 


2-9 


where n, is the refractive index of the more dense medium and n, is the refractive index 
ofthe less dense medium. In the case when the less dense medium is air 
‘Thus, we can calculate the refractive index of a medium by knowing its لمعلا‎ angle, 


EI 


@-7) 


If the angle of incidence in the more dense medium exceeds the critical angl, then the 
light ray does no шаші through to the less dense medium, but undergoes totai reflection 
in the same medium, unlike the case when the angle of incidence is less than бе critical 
angle, where pat of the rays is reflected and part is transmined (Fig 2-7). (neglecting 
absorption) 

Examples 

1) Mihe refractive index of glass and water are 1.6 and 1.33. respectively, calculate the 

cal angle for cach 


Solution 
a) Inthe case of glass, 
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b) In the case of water 


305 ngle for light falling 
from glass onto water 
Solution 
Using Snell's lav. 
1, sin 0" =, si 
56 14 
Some Applications of Total Reflection. 
1. Fiberoptics (Optical Fibers) - 
(Fig 2-8). shows an optical fiber. It is a 


thread-ike tube of transparent material. When light 

falls at عنس‎ cd, while Ше angle of ікіішже is 

greater than the critical angle, it undergoes 

successive multiple reflections until it emerges ка Pa era contan t 

the other end (Hg 2-9). (Fig 240) shows a bundle 

of fibers which can be bent while containing light 

so that light can be made to tavel in non smigh 3 

lines to parts hard ما‎ reach thers, та? 
Fibers can be used to transmit light without 

mush losses, and are widely usad nowadays. 
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Optical fees т” 


They are used in medical examination, e.g., endoscopes (Fig 2-1 1). which ап used in 
diagnosi as well as in operative surgery with a laser beam Lasers are also шей in 
communications, as light can be made to салу millions of electrical signals in 
fiberoptic cables 
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How an optical fiber works 
Mwe have a hollow tube and look through it o see a bright object on the other end, then 


the object is easily scen. If the шік is 


1. then the object cannot be sen. Yet, we may be 
of rays, Similarly, by using optical 
ater than the critical angle, then multiple 


s in thc ام‎ 


fibers, while the ray is incident at an 


reflections take place, until the ray emerges from бе other end dept: the bending ofthe 
fibers. 


„Il. The reflecting prism 

‘The critical angle between glass (refractive index 1.5) and air is 47. Therefore, a glass 
prism whose angles are 90°, 15“, 45" is used to change the path of the rays by 90° or 180 
Such a prism may be used in optical instruments, as periscopes in submarines and 
binoculars in the field (Fig 2-12). 


— — 


mes 
aos 

semen D 
TH A reflecting prism 


Prisms are better for this purpose than reflecting surfaces, first, because | ght totally 
reflects from such a prism, while it is seldom to find a metallic reflecting suce whose 
efficiency is 100%, Secondly, a metallic surface eventually loses із luster and hence its 
ability to reflect decreases. This does not happen in a prism. The surface at which light 
rays fall on a prism or the surface from which the rays emerge may be coated with non - 
reflective layer of material like crvolite (Aluminum fluoride and magnesium fluoride) 
whose refractive index is less than that of glass, to avoid any reflection ісе on the 
prism, even little as they are. 


lllMirage 

This is a familiar phenomenon observable on bot days, as paved roads appear as if wet 
(Fig 2-13a). Also, an image of the sky is made on descrt plains, where palm tses or hills 
appear inverted giving the illusion of water (Fig 2-13b). 


Reflection ol he sky in the desert 
gives the usen of water 


Paved roads appear as it wet 
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This can be explained as follows. On very hot days, the air layers adjacent to the surface 
of the Earth are heated, their density decreases. Hence, their refractive index becomes 
smaller than tht of the upper layer. If we follow a light ray reflected off a palm tree, this 
ray is traveling from an upper layer to one below. Therefore refracts away from the 
normal, and keeps deviating taking a curved path. When its angle of incidence reaches 
more than the critical angle, it undergoes total reflection and the curve goes up. To the eye 
of the observer, the ray appears as if coming from under the surface of the Earth. The 
‘observer thinks that there is a pond. 


Deviation of light in a prism 

‘When ight roy sach as a b” fals oo the surface xy of atriangular prism, it refrac in the prism 
taking the path " Bc *, until it falls on the surface xz and emerges in the direction "cd" (Fig 
2-14). We notice from the figure that the light ray in the prism refracts twice, As a result, 
the ray deviates from its original path by an angle of deviation a. 

The angle of deviation a is the angle subtended by the directions of the extension of the 
inciden гау andthe emerging ray. كا‎ e ange of incidence ъф, Ше angle of refraction 
on the fist surface is 0, de angle of incidence on the second surface is 4, the angle of 
emergence is û, and the apex angle of the prism is A, we note from the geometry (Fig 


2-14), 
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The path of a light ray ina 


The sum of the angles of the quadrilateral brce is 360, and бе sum of the two angles 
by is 1807, then angle bc is (180-4). In the triangle bee, бе sum of the angles і 187. 


‘Thus, 


бое IIR) =k 


(2-8) 


= (64-04) + (02-4) =C +03) - (0) 60 


p 


а” 


From this relation, we find that the deviation angle in a triangular prism depends on the 
angle of incidence ¢. It can be experimentally shown that the deviation angle decreases 
gradually with increasing رن‎ until it reaches a minimum known as the minimum angle of 


deviation a, (Fig 2-15). 
At his minimum 
44. 
$2679. 
‘Then, the relations (2-8) and (2-9) become 
ed 
"3 
= FECE 
* А 
eg 


uer 


The angle of deviation 
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hapter 


Sid, 
sind 


‘Substituting for ¢ and @ we find that the refractive index can be determined from the 
relation 


(2-10) 


Experiment to determine the ray path through a glass prism and its 
refractive index: (Fie 2-16). 


Tools: 
An equilateral triangular prism (A = 60°), ins, a protractor, a ruler. 


Procedure: 

1) Place the glass prism on a sheet of drawing paper with its surface in a vertical position 
and mark its position with a fine pencil line. 

Place two pins such that one of them (a) is very close to one side andthe ober (o) is about 
10 cm from the first. The line joining them represents 
the incident ray. Look at the other side of the prism to 
see the image of the two pins, one behind the other. 
Place two other pins c and d between the prism and 
the eye such that they appear to be in line with the 
two pins a and bie., the four pins appear to be in one 
straight line Locate the positions of the four pins. 

2) Remove tte pism and من‎ pins, join bandeo коне (тір) 

path ofthe ray (abed) fron iro glass toairagain. отто of ahi 


ray path in a prism 
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3) Extend de to meet extended ah The angle between them is the angle of deviaton a. 
4) Measure the angle of incidence б, the angle of refraction 8, the inner incidence angle 
‘the angle of emergence 0z and the angle of deviation (a). 
5) Repeat tbe previous steps several times changing the angle of incidence and tabulate 
the results. 


Ages angel | Ange ot 
prism A incidence 0, [refraction | dán, emeret) evt 


Find the minimum angle of deviation and the corresponding angles ¢. and û. 
Then obtain the refractive index from equation (2-10). 


The dispersion of light by a triangular prism: 
It has been proven previously that in the case of 


minimum deviation, the refractive index may be 
determined from the relation: 
[23 


7 
a 
where (n) is the refractive inde, is minimum ange of 
deviation, and (A) is he angle of he prism. 
Sine бе angle ofthe prisen d constant for a certain pm, 
so the minimam angle of deviation changes by changing the 


refractive index. As the refractive index increases, the 
minimum m ofan increas an vee ve CE) 


A prism disperses the 
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EXIIT 


hapter 2 


c 


Note also that the. refractive index (n) depends on up the wavelength A, then the 
minimum angle of deviation depends also on the wavelength, Thus, ifa beam of white light 
falls on a prism set at the minimum angle of deviation, then the emerging light disperses 
into spectral colors as illustrated in (Fig 2-17).From this figure, it is concluded that the 
violet ray has the largest deviation ( maximum refractive index). The visible spectral colos 
iuto which the white light is dispresed are arranged by the order. red, orange, yellow, 
green, blue, indigo and violet. 


ТЫ Go Further 


For more knowledge about this topic you 
can refer to the Egyptian Knowledge Bank 
ThefhinpHsm:. | (EKB) through the opposite link e 


A thin prism is a triangular glass prism. Its apex angle is a few degrees and is هذ‎ the 


ies 


position of minimum deviation: 


sin] 


sea) 


Dispersive Power 
When white light falls on a prism, the light disperses into its spectrum due to the 
variation of the refractive index with wavelength 


(a) e AD 
03006 
‘where n, is the refractive index for red and n, for blue. 
Subtracting, 
aaka | 021 


‘The LHS represents the angular dispersion between blue and red. For yellow (middle 
between blue and red), the angle is 


СЕ] 


where isthe refractive index for yellow. If (a), is the average of (a), anda, then 
nyis the average ot n, and y. Wedenety as: 


ees 
чу 


where ty isthe dispersive power, and is independent of the apex angie. 
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Laws of reflection of light : 
1) Angle of incidence = Angle of reflection 
2) The incident ray, the reflected ray, and the normal to the reflecting surface at the 
point of incidence, al he in one plane perpendicular to the reflecting surface. 


‘Light refracts between two media because of the different velocities of light in the two 
media v & v, 
Laws of refraction of light : 

1) The ratio between the sine of the angle of incidence in the first medium, to the sine 
ofthe angle of refraction in the second medium is constant, and is known as the 
refractive index يعر‎ 1 

ind 

where is the angle of incidence in the first medium, and 8 is the angle of refraction 
іп the second medium. 

2) The incident пу, the refracted ray, and the normal to the surface of separation at the 
point of incidence, all lie in one plane normal to the surface of separation. 

* The relative refractive index between two media is the ratio between the velocity of light 
inthe first medium v, and the velocity of light in the second medium v, 


* The absolute refractive index for a medium is given by 


Where c is the velocity of light in free space and v is the velocity of ight in the medium. 
* Shells law : 


sing =n, sinê 
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* The distance between two success 


similar fringes (either bright or dark) ів: 


in 
WES 


‘where À is the wavelength of light used R is the distance between the doubl slit 


and the screen, and d is the distance between the two slits 


* Light isa wave motion. 


* The critical angle is the angle of incidence in the more dense medium, corespcoding to 


an ange of refraction in the less dense medium equal 097. 


* The absolute refractive index is equal to the reciprocal of the sine of the rial angle 


Wen gx caves om is medium o alr or vacuum. 
1 
ang, 


* Total internal reflection takes place when the angle of incidence in the mere dense 


medium كا‎ greater than the critical ange 
* The mirage is a phenomenon that can be explained by total intemal reflection. 
* The angle of the apex of the prism is given by 
Ан 

* The angle of deviation is given by 

= (4,48) -A 
where ¢, is the angle of incidence 6, is the angle of emergence 
* Inthe case of minimum deviation 
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* Refractive index of the prism material is given by 


act Al 


ajA 


1 
| 
where n is the refractive index, а, is the minimum angle of deviation 


* The minimum angle of deviation in a thin prism is 


a-1) 
* The angular dispersion for a thin prism is 

(а-ал а) 
* where (a), is бе minimum deviation angle of the blue пу, and (c. is the minimum 


deviation angle of the red пу 
* The dispersive power 


Where (a), is the minimum angle of deviation of the yellow light, and n, is the refractive 
index for the yellow light. 
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1) Essay questions 
1) Explain why light is considered to be a wave motion 
2) Describe an experiment to demonstrate the interference of light. 
3) Explain how mirage is formed. 


T) Define: 
a) the relative refractive index between two media. 
B) the absolute refractive index for a medium. 
(c) the critical ange 
d) the angle of deviation 


TIT) Complete : 

1) The distance between two successive bright fringes is given by -~ 
b) Soe’ lav ses thar S 
Tempel evan ina thin rm s pica fom ion. 
d) The dispersive powers... 


IV) Choose the right answer: 
1) When light reflects : 
ıa) the angle of incidence is less than the angle of reflection. 
b) the angle of incidence is greater than the angle of reflection 
«) the angle of incidence is equal to the angle of reflection. 
d) there is no right answer above 
2) When light гісі the ratio 529. ere ¢ is the angle of incidence and û is the ange 
of refraction is: 
a) constant for the rwo media. 
b) variable for the two media. 


Q 
N 
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€) constant, greater than one. 
d) constant, less than one. 


3) The ratio between the sine of the angle of incidence in the first medium to the sine of the. 
angle of refraction in the second medinm is known as + 
a) the absolute refractive index for the first medium. 
D) the absolute refractive inde for the second medium 
(C) the relative refractive index from the second medium othe first medium. 


d) the relative refractive index from the first medium to the second medium. 
4) The refractive index jn is equal to: 


a) yt 
0 

sins, 

9 з, ЕГУ 


das 


sin) 


6) The minimum deviation angle in a thin prism is: 


a)a,=n(A-1) Ма, =А(а+) 
de, =n(A+) $a =A) 
2019-2020 
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7) The angle of incidence in a medium is 60° and the angle of refraction in the second 
‘medium is 30°. Then the relative refractive index from the first to the second medium із: 
ГІН м2 ot 42 


8) An incident ray at an angle 48,5" on one of the faces of a glass rectangular block 
(n=1.5), the angle of refraction is 
aw “تزه‎ 0935 4. 


9) In an experiment it was found that the minimum angle of deviation is 48.7 Given that 
the angle of the prism is 58.8, the refractive index of the material of the prism is : 
كاله‎ DI 0185 diss 


10) Ife critical angle for a medium ما‎ air كذ‎ 47, then the absolute refractive index is + 
СТ ш 017 ane 


11) A thin prism has an angle of 5* ts refractive index is 1.6. t produces a minimum angle 
‘of deviation equa to 
as’ 3 or as 


12) A ray of light falls on a thin prism at an angle of deviation 47 and its apex angle ls 
refractive index is 
كاله‎ ya 918. 016 


8 Unit2 


Сһартег372 Hydrostatics) 


Fluids are materials which can flow. They are liquids and gases. Gases differ from 
liquids in compressibility. Gases are compressible, while liquids are incompressible. Thus, 
liquids occupy a certain volume, while gases сап fill any volume they occupy, ie. the 
volume of the container. 


Density is a basic property of matter. It is the mass per unit volume (kg / m) 


where Vy is the volume 


Deity varies fium une element t ambe: due t. 
1) difference in atomic weights 

2) difference in interatomic ог intermolecular distances or molecular spacings. 

We know that bodies of less density float over more dense liquids. The following table 
shows density for different material. 


" Kerosene m 
— | 20 | ше іше 
Coper кə Glycerin 120 
Gus. 240 Water w 

“| 

Gne 

Ire 7% 
Lead 11400 Ar 19 
Plainum. 140 ‘Ammonia 076 
E dum | Caton die 196 
= 1500 | Carton mono oxide 125 
Нана ож 
ma | صر‎ | ена | om 
т m o | a 
= Оқа 143 


The ratio of density of any material to that of water at the same temperature is called the 
relative density of the material (no units). The relative density of a material, is equal ما‎ : 


„ ___the density of the material ata certain temperature (4 уу 
= He density of water at the same temperature. 


the mass of a certain volume of matter at a certain temperature 
the mass of the same volume of water al the same temperature 


T Measuring density is of great importance in analysis, sich as measuring the density of the 
‘electrolyte in a car batery, When the banery is discharged, the density of the electrolyte (dilute 
sulfuric acid) is low due to chemical reaction with the lead plates and the formation of lead. 
sulfate. When he battery is recharged, the sulfate is loosened from the lead plates and go back 
to the electrolyte, and the density increases once more. Thus, measuring the density indicates 
how well the banery is charged. 
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2) Measuring density is used in clinical medicine, such as measuring blood and urine 
densities. Normal blood density is 1040 kg / т? - 1060 kg / m. High density indicates 
higher concentrations of blood cells and lower concentrations indicate anemia. 

‘The normal urine density is 1020 kg / ,لس‎ In some diseases, salts increase and cause the 
urine density to increase. 
E 


Go Further 


For more knowledge about this topic you AGE 
can refer to the Egyptian Knowledge Bank RESSAR 
(EKB) through the opposite link bg 


Pressure 
Pressure at a point is the average force which acts normal to unit area at that point. If 
force Г is normal to a surface of an arca A, then the affected pressure Г on the surface is 


determined by the following relation: т 
x (8-3) 


* Since The Force measured in Newton (М) And The Area measured 
in (m), The measuring unit which the pressure is measured is (Мп?) 


Elephant 's foot vs human foot 

Because the pressure is the force per unit area. ihe. 
pressure due to pointed high heel is greater than the 
pressure doe to an elephant's fot, since the area of the 
pointed heel is very small (Fig 3 - 1). 


Meaning ct pressure 
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Pressure ata point inside a liquid and its measurement. 


If you push a piece of foam under water and let t go, it will rise and float. This indicates 
that water pushes the immersed foam by an upward force. This force is due to the pressure 
difference across this piece of foam. 

At any point inside a liquid, the pressure acts in any direction. The direction of the force 
due to the pressure on any surface is normal to that surface. The pressure 00 a body is the sume as йе pressure 
on а volume of the liquid that has the same shape of the body in case this body were 
removed. In other words, the liquid occupying the sume size which a body would occupy is 


А 5 
wA N 

u penen ra — — 

Verses ri tud —— 


М 
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Pressure 
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acted upon by two forces: its weight downwards and the force due to the pressure of the 
liquid around it. As the depth of the liquid increases, the pressure increases (Fig 3 3). 


Pressure increases wih quid дерт 


То calculate the pressure (P), we imagine a horizontal plate х of. €7 727) 
area A al depth h inside a liquid of density p (Fig 3 - 4) This plate TI 
acts as the base of a column of the liquid. The force acting on the plate h 
A is the weight of dhe оиши of the liquid. whuse light is hand. 
whose cross section is A. 

Because the liquid is incompressible, the force resulting from the 
liquid pressure must balance with the weight of the column of the 
liquid. The volume of this column is Ah and its mass AM, hence its 


Weight F, is given by cum 


Fz Ate —— 
where g the acceleration due to gravity. The pressure йе tothe ofa clump of loud 
liquid from under the plate x (acting upwards) must be : 


Taking into consideration the fact that the free surface of the liquid is subject lo 
atmospheric pressure P ben the total pressure at a point inside a liquid it depth d is given 
by: 


рар ір; 08-9 


Practical observations show indeed that the liquid pressure at 


a point inside it increases with increasing depth and with 

increasing density at the same depth. 
Thus, we conclude 

1) All points that lie on à horizontal plane inside а liquid has the 
same pressure, 

2) The liquid that fills connecting vessels rise in these vessels to 
the some height, regardless of the geometrical shape of these 
vessels provided that the base is ina horizontal plane (ЫБЫ) 


(3-9, ievel n correcting vessots 
Therefore, the average sea level is constant 


for all connected seas and oceans. 

3) The hase of a dam must he thicker than that 
the top to withstand the increasing pressure 
at increasing depths (Fig 3- 6). 


Dams must be thicker a the base 0 
масала the pressure at increasing depths 


— 


Balance of liquids in a U - shaped tube 

Let us take a U - shaped tube filled with an appropriate amount of water. Let us add a 
quantity of oil in the left branch of the tube, until the level of oil reaches level C at a height 
h, over the separating surface AD between water and oil, noting that both liquids do not 
mix. Let the height of the water in the right branch be h, above level AD (Fig 3 - 7). 
Because the pressure at А = pressure at D 

АҚ ардақ, + рай, 

where P, is the atmospheric pressure, p, the density of oil, Py 

the density of water, Thus, h, p, zh p, or 


BM 
дв) 0% | 


Measuring hand h, ше may determine practically the (Б) 
density of oil, knowing the density of water. — 


ina Ш. shaped hha 


Torelliinvented the mercury barometer to measure бе atmospheric pressure. Не took a 
1 m long glass tube and filled it completely with mercury and tumed it upside down in a 
tank of mercury. He noticed that the level of mercury went down to a certain level that 
‘measured 0,76 m from the surface of mercury in the tank. The void above the column of 


mercury in the tube is vacuum (neglecting mercury vapor) is called Torcelli vacuum. 


From Fig (3- 8), the height h of йе mercury column in the tube is constant, wether the 
tube is upright or inclined. Taking two points А, B in one horizontal plane (Fig 3-9), 
such that A is outside the шік at the surface of mercury inthe ші, while B is inside the 
tube. The pressure at B = the pressure at A. Thus: 


P, eh 


Mercury height in a barometer is not 

amc oy те wang ot me manometer 

‘This means that the amospheric pressure is equivalent ю the 

weight of a column of mercury whose height is 076 m and cross 

sectional area Im? at ОС? at sea level. Ті is known as STP. 

(standard temperature and pressure). Since the density of mercury 
aO C^is 13595 hylan’ and دع‎ 9,8 m? 


P, =1 Am =0.76x 13595 981 


= 10132 Ма? 
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What happens to the ear at heights. 


The atmospheric pressure is the 
weight of a column of air above the 


Earth's surface per unit ara. As we go 
up, the height of this column decreases, 
50 does the pressre. At the eardrum, the 
extemal pressure must be balanced out 
by an intemal pressure. When the 
extemal pressure decreases, we feel 
lense atthe eardrum, since the intemal еш? 
pressure pushes it outwards. This can be 

compensated by adjusting the amount of air in the Eustachian tube by swallowing and 
chewing gum to reduce the pressure on the eardrum (Fig 3 - 10). 


Units for measuring atmosphere pressure 

From the previous relation, it is clear that the units which the aurosphelic 
pressure is measured in international system ( )is N/m’ 
Pressure has units N/m’. This is called Pascal. 

1 Pascal = Мт? 

Thus, the atmospheric pressure P, is given by. 

x 10 Pascal‏ 1013 ديم 

Defining (10° Nim’) as Bar = 10° Pascal 

P,= 1013 Bar 

We also use Torr ші. 


1 Tor = Imm Hg 
P, (1 Atm) = 760 Torr = 760 سم‎ Hg = 0.76 m Hg = 1013 Bar 
$$ 
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Manometer 


The manometer is a U - shaped tube containing a proper amount of liquid of a known 
density. One end is connected to a gas reservoir. The level of the liquid in the manometer 
may rise in one branch and go down in the other. Taking two points A,B in one horizontal 
plane in the same liquid (Fig 3 - 11 a), we have the pressure at B = the pressure А 


a) whan gas pressure > atmospheric bywhen gas pressure < atmospheric 


xam Cv 


When P the pressure of the gas enclosed in the reservoir is greater than Р, pgh is the 
‘weight of a column the liquid in бе free end of the manometer above point B and is the 
difference between Pand P, (Fig 3-11a), 

P-P, + ph 

Inthe case P <P, (Fig3- 11b), 

P=P, -ph 

ie., the level of the liquid in the free end branch is lower than the level of the liquid in 
the end connected o the gas reservoir by a height h. In many cases, it suffices to measure 
the pressure difference, 

(AP-P-P,- ph] (3-8) 

Knowing the liquid density p in the manometer and the height difference h between the 
liquid levels in the two branches and the acceleration due to gravity g we can calculate AP. 
Knowing P, „we may determine P of the gas enclosed in the reservoir. 
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Applications to Pressure. 
1) Blood is a viscous liquid pumped through a complicated network of arteries and veins 


by the muscular effect of the heart. This is called steady flow (chapter). In he case of 
turbulent flow (chapter 4), there is noise which can be detected by a stethoscope. There 
are two values for blood pressure: the systolic pressure, as blood pressure is maximum 
(normally 120 Torr). This occurs when the cardiac muscle contracts and blood is 
pushed from the lft ventricle to the aorta onto the arteries, The diastolic pressure is the 
minimum blood pressure (normally 80 Torr) when the cardiac muscle relaxes. 

2) When a tire is well inflated (under high pressure) the area of contact with the road is as 
small as possible, while an underinflated (low pressure) tire has large contact area. As 
the area of contact with the road increases, friction increases and consequently, the tire 
is heated Air pressure in a tre can be measured hy a pressure gauge (Fig 3- |2), 


Measuring tre pressure witha pressure gauge 
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Examples. 

1) A solid parallelepiped (Sem x IOcmx 20cm) has density 5000kg /m” is placed on a 
horizontal plane, Calculate the highest and lowest pressure. (g = 10 m?) 

Solution. 
For the highest pressure it is placed on the side with the least area (5 cm x 10 cm), where. 


the force is the weigh 


Sx 0x 20x 10* x 5000 x 10 


D = 10! Nm 


3 5x 10% 10" 


test area (10 cm x 206m) 


For the lowest pressure, it is placed on the side of the 
F 


Sx 10x 20x 10* x S000 10 


P 280 N/m? 


10x20x 10 


2) Find the total pressure and the total force acting on the base of a tank filled with salty 
water of density 1030 kg/m’ If the cross-section of the base is 1000 cm. the height of 
the water is | m and the surface of the water is exposed to air. Take g = 10 m/s? and the 


atmospheric pressure = 1 Atm = 1.013 x 10°Nim? 


Solution 
Total pressure 
P =P,+ peh 
=1013x 10°+ 1030x 10x 1 
= (1.013 40.103) 10° = 1.116 x 10° Nim? 
Toul force 


F=PxA= 1116x 10“ x 1000x 10+ 
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3) A mercury manometer is used to measure the pressure of gas in a reservoir. The mercury 
level in the free end is higher than the mercury level in the side connected to the 
reservoir by 36 cm. What is the pressure of the trapped gas in 
a) cm Hg units b) Atm units €) Nim? units 


‘Take the atmospheric presssure to be 0.76 m Hg = 1.013 x 10° Nim? 


Solution 
a) In cm Hg units 
р= 76+ 6= 12cm Hg 
b) In Atm units 
P= ma - مديص كلا‎ 
مالك‎ Nim? units 


P= 1474 x 1013 x 1052 1493 x 10° Nim? 

4) A U- shaped tube of cross sectional area on the narrow side of 1 сп? and on the wide 
side 2em”, is partially filled with water (density 1000 kg/m”). A quantity of oil (density 
800 kg/m’) is poured into the narrow side until of the height of the ой column reaches $ 
«m. Calculate the height of water above the surface of separation. 


Solution. 
PPh = Ah 
МАР 
BA, . 8035 
ect = 24 
لعا‎ = = 
Note: 


Тіс radius of the tube (or the cross sectional area) has no effect at ай on the height of 
each liquid in both branches of the tube. Hence, the liquid level كذ‎ not influenced by the 
shape of the tube. 
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Pascal's principle 


Consider а glass container (Fig 3 - 13) panially filled with 
liquid and equipped with a piston at the top. The pressure ata | 
point А inside the liquid at depth his P =P, + hoe where P, is 
the pressure immediately underneath the piston, which results 
the atmospheric pressure, as well as the we 


ofthe piston 
and the force applied on the piston. If we increase the pressure on 
the piston by an amount АР, by placing an additional weight on 
the piston. We note that the piston does not move inside because %- 22 
the liquid is incompressible. But the pressure underneath the 
piston must increase in tum by AP. This raises the pressure at ceste on he 
point A by AP. This make the pressure P بالك‎ + pgh + A P. [DL] 
Pascal formulated this result as follows. 
When pressure is applied on a liquid enclosed im a container, the presure is 
transmitted in full to all parts of the liquid as well as to the walls of the container, This is 


Known as Pascal’ principle or Pascal’ rule. 
Application to Pascal's rule : hydraulic Press 


The hydraulic press (Fig 3 - 14) consists of a small piston whose crass sectional area is 
“a” and a large piston whose cross sectional area is "A". The space between the two 
pistons i filled with an appropriate liquid 


m 


— — 
tjawegit ot ! ماو‎ et generates a 
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If pressure P is exerted to the small piston, this pressure is transmitted to the liquid and, 
Subsequently, to the surface of the large piston. If the force applied to the small piston is f 
and the force affecting the large piston is F, and because the pressure on both pistons must 
be the same at equilibrium at the same horizontal plane, then 


Р=2( | 
8% 


From this relation, it is clear that if force f affects а small piston, a large force F is 
generated on the large piston. The mechanical advantage of the hydraulic press 1 is given 
by: 


г72|0-1% 


Thus, the mechanical advantage of a hydraulic press is determined by the ratio of the 
large piston to the small piston, Referring to Fig (3 15), iti lear that if the small piston 
moves down a distance y, under the influence of f, then the large piston moves up a 
distance y, under the effect of F. According to the law of conservation of energy, the work 
done in both cases must be he same (for 100% piston efficiency), 


This shows that the mechanical advantage of the 
piston may altematively be expressed كد‎ the ratio у, 
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Applications to Pascal's rule 
1) The hydraulic brake in a car uses Pascal's rule as the braking n 


system uses a brake fluid. Upon pushing on the brake pedal with 
a small force and a relativeley long smoke (distance), the 


pressure is transmitted in the master brake cylinder, hence, onto 
the liquid and the whole hydraulic line, then to the piston of the. 
Wheel cylinder outwardly, and finally to the brake shoes and the 
brake drum. A force of friction results, which eventually stops 
the car. This type of brakes is called drum brake (rear brake) (Fig 
3-16), In the case of the front (disk) brake (Fig 3- 17), the forces 


resulting from the braking action press on the brake pads which 
produce friction enough to stop the wheel. It should be noted that 
‘the distance traveled by the brake shoes in Doth cases is small because 
the force is large. 

2) In another application to Pascal's rul 
‘lift up cars in gas stations (Fig3 - 18) 


e.a hydraulic lift uses a liquid 
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3) The caterpillar also uses Pascal's rale (Fig 3- 19). 

4) A diver wears a diving suit and a helmet to protect him 
from pressures at large depths. At low (shallow) 
depths, the diver - without the helmet - blows air in his 
sinuses to balance the external pressure (Fig 3- 20). At 
large depths, the diving suit is appropriately inflated 
with air, and the helmet protects the diver’s head from GED 
‘rushing pressures (Fig 3-21). A شور‎ caterpillar 


Diveg at low depths 


Examples. 


A hydraulic press has cross sectional area 10cm which is acted on by a force of 100N, 
The large cross sectional area is 800 cr. Taking g= IOm/s calculate: 

à) the largest mass that can be lifted by the press 

b) the mechanical advantage of the prees 

c) the distance traveled by the small piston so that the large piston moves a distance of lcm 
Solution 

The force acting on the large piston 

FF 


F= 10x 800 8x 10'N 
10 
———————— 
p 2019-2020 


4a)To calculate the largest mass that can be lifted by the large piston, 
F „8x10 


kg 


То calculate the mechanical advantage, 


fa 0. 
То calculate the distance traveled by the small piston, 
000 
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Ina Nutshell 
[Definitions and Basic Concepts. 


* The density (p) is the mass per unit volume (kg/m?) 
® The pressure P at a point is the normal force acting on a unit surface area (N/m). 
* Ali points lying in the same plane have the same pressure. 
% The atmospheric pressure is equivalent to the pressure produced by the weight of a 
mercury column of height about 0.76 m and base area Im? at 0°C 
* The units of atmospheric pressure are 
3) Pascal (1 N/m 
b)Bar(10 N/m). 
km Hg. 
d) Tor (mm. Hg). 
® The manometer is an instrument for measuring the difference in the pressure of a gas 
inside а container and the outer atmospheric pressure. 
* Pascal's principle 
‘The pressure applied on an enclosed liquid is transmitted undiminished to every 
portion of the liquid and to the walls of the container. 


® The pressure at a point inside a liquid of density p at depth h below its free surface is 
givenby: 
қара 
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where P, is the atmospheric pressure and g is the acceleration de to gravity 
* The balance of liquids in a U- shaped tube yields. 


Pi hy =Pyhy 


* From Pascal's principle : 


Where f is the force acting on the small piston of area (a) and (F) is the force resulting on 


the large piston of the area A. 


F 

©The mechanical advantage 77 

* In order to measure the distance moved 
fy lys 
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a 
by the small piston y, use the relation. 
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Hydrostati 


Chapte 


Fluid Mechanics 


I) Put mark (/) to the correct statement: 
1) The following factors affect the pressure at the boom of a vessel except one. tick it: 


1 а) the liquid depth in the vessel. b) the density of the liquid 
£ C) the acceleration due to gravity d) the atmosphene pressure. 

z €) the area of the vessel base. 

2 2) Which of the following factors have no effect on the height of mercury column in а 
5 barometer? 

E à) the density of mercury b) the cross sectional area of the tube, 

б с) atmospheric pressure. d) the acceleration due to gravity, 

4 e) the temperature of mercury 


3) I the ratio between large and small piston diameters is 9. The ratio between the two 


forces on the to pistons are 
492 929 )418 
981:4 e481 
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Define each of the following :‏ زلا 

1, Density 2. Pressure at a point 

3. Pascal's principle 
IID) Essay questions : 
1) Prove that the pressure (P) at depth (h) in a liquid is determined from the relation. 

PaP, +p 
‘where Р, is the atmospheric pressure, p the liquid density and g is the acceleration due 10 
gravity. 
2) Describe the manometer and show how jt can be used for measuring a gas pressure 
inside a container. 

3) What ic meant hy Pascal’ principle ? Describe one f itc applications 


apte 


5 


TY) Drills + 
1) The pressure on the base of a cylinder containing oil with diameter 8 m is 1.5 x 10° 


Nim’. Find the total force on the base. 
(75400 N) 


2019-2020 


< 


2) A difference in pressure of 3.039 x 10° Nim? is recommended for air in a саг tire. If the 
atmospheric pressure is 1.013. x 10° Nim? calculate the absolute pressure of air in the 
tire in unit of amospier 

(4 Atm) 

3) A fish tank of cross-sectional area 1000 cm? contains water of weight 4000N, Find the 
pressure on its base. 

(04x 0 Nm 

4) The large and small piston diameters of a hydraulic press are 24cm and 2em 
respectively. Calculate the force that must be applied to the small piston to obtain a force 
of 2000 N on the large piston. Then calculate the mechanical advantage. 

(139 №. 144) 

'5)The atmospheric pressure on the surface of a lake is 1 Atm. The pressure at its bottom is 
3 Atm. Calculate the depth of the lake (density of water 1000 kg/m’, 1 Atm = 
1013810 Nm = 95 т) 

(20.673 т) 

6) A man carries a mercury barometer with readings 76 cm Hg and 74.15 cm Hg at the 
lower and upper floors, respectively. Calculate the average density of air between the 
wo floors if mercury density is 13600 kg / m' the building height is 200m and g = 
98m. 

(1.258 kem) 

7) A manometer containing mercury is attached to gas enclosed іп а container. If the 
difference of height in the manometer is 26 cm 
Calculate the pressure difference and the absolute pressure of he enclosed air in units of 
Nim? (1Atm = 1.013 x 10° Nim’, mercury density = 13600 kg/m’ and g=98 ms) 

(0.3332x10° N/m’, 1.3462x10* Nim’), 
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Fluid) Mechanics 


Chapten4 : Hydrodynamics 
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Hydrodynamics (Fluid dynamics) deals, with fluids in motion. We must distinguish 
between two types of fluid mation, steady flow and turbulent flow. 


‘Steady flow 

Ifa liquid moves such that its adjacent layers slide with respect to each other smoothly, 
‘we describe the motion as a laminar flow or а streamline (steady) flow. In this type of 
flow, particles of the liquid follow continuous paths called streamlines Thus, we may 
visualize the liquid as if it is in a real or virtual tube containing a flux of streamlines 
representing the paths of the different particles of the liquid (Fig 4 - 1). These streamlines 
do not intersect, and the tangent at any point along the streamline determines the direction 
ofthe instantaneous velocity of cach particle of the liquid at that point. The number of 
streamlines crossing perpendicularly a unit area at a point (density of streamlines) 
expresses the velocity of flow of the liquid at that point. Therefore, streamlines cram up at 
points of high velocity and keep apart at points of low velocity. 
Conditions of Steady Flow 
1) The rate of flow of the liquid is constant along its path, since the liquid is incompressible 

and the density of the liquid іс independent of distance or time. 


TESTEM 
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2) In steady Пом, the velocity of the liquid at each point is independent of time. 
3) The flow is irrotational, i.e., there is no vortex motion. 


4000 no forces of friction exist between the layers of the liquid the flow is nonviscous كل‎ 
there is friction it is viscous. 


‘Turbulent flow 


If the velocity of flow of a liquid exceeds a certain limit, steady 
flow changes to turbulent flow, which is characterized by the 


Ф 
2 
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existence of vortices (Fig 4-2). The same thing happens to gases 

asa result of diffusion from a small space to a large space or from 

high pressure to low pressure (Fig 4 - 3) 

Rate of flow and the continuity equation 

We shall focus on steady flow. Consider a flow tube such that: 

1) the liquid fills the tube completely. 

2) the quantity of the liquid entering the tube at one end equals 
the quantity of the liquid emerging out from the other end 
within the same time. 

3) the velocity of the liquid flow at any point in the tube does 
not change with time. There is a relation that ies Ше rate of 
flow of de Liquid with ity velocity amd cru» sectional arca. 


This relation is called the continuity equation. To 


молот don o turbulent 
understand what the continuity equation entails, we choose. oy or a cit motor of è 


two perpendicular planes normal to the streamlines at the two Oddy Pough а laud 


sections (Fig 4 - 4). The cross sectional area at the first plane is 

A, and the cross sectional area at the second plane is А, The volume rate of flow is the 
volume of the liquid flowing through area A, in unit time. We have Q, = Ауу where v, is 
the velocity of the liquid at section A, The mass of the liquid (of density р) flowing in unit 
time is called the mass rate of flow Qm which is given by 
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Quei zo ^v, | 
‘Similarly, the mass rate of flow through 


+, 
area A, is pQ, ру, Since the mass rate 
of flow is constant in steady flow = id 
в. ---- 
Arpi; Model tor deducing the continuity equation. 


This is the continuity equation leading to 


From this relation, we see that the velocity of the liquid at any point in the tube is 
inversely proportional to the cross sectional area of the tube at that point. The liquid flows 
slowly where the cross sectional area A, is large and flows rapidly, when the cross sectional 
area A, is small (Fig 4 - 5). To understand the continuity equation beter, we consider a small 
amount of liquid Am = PAV y, where AV, = A, Ax, where Ax, i the distance traveled hy the 
liquid in time At. Thus, Ax, =v, At Then AV, = A,v, At. This same value must emerge from 
the other side of the tube, since the liquid is incompressible ie, ДУ, = Ау, At. Thus, we 
must emphasize that the rate of flow of the liquid is a volume rate Q, (mV), or a mass rate of 
flow (kg/s). Both of these rates are constant for amy cross section, This is called the 
conservation of mass, which leads to the continuity equation. 


5 
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Examples 
1) A water pipe 2 cm diameter is at the entrance of an apartment building. The velocity of 
the water in it is Û m/s. Then, the pipe tapers to lem diameter. Calculate 
1) he velocity of he water in the narrow pipe. 
b) quantity of the water (volume and mass) flowing every minute across any section of 
the pipe (density of water = 1000 kg/m) 
Solution 
2) Aven 


mis) = x (005m) v,‏ 1 اقمع 


xx ^31 aq 
x25 x10 


The volume rate of flow (me) is piven hy the relation 


ТЕГТЕРІ 
=дх10* xOlo xx25x 107 x04 
304 y Vs 
Те volume rate of low (m/min) is given by а 
Qyx60=314x 10° x 60 5 
Q 
= 1884 x 10^ m/min 2 


The mass rate of flow (kg/min) is given by 
= 3.145 10° x 10 x 60 = 1.884 kg/min 


2) The average velocity of blood in aorta ( radius 0.7 am ) for an adult is 0.33 mls From the 
aorta, blood is distributed to main arteries (each radius 0.3Scm). If we have 30 main arteries, 


calculate the velocity of blood in cach. 


Solution. 
The aorta cross section is given by 
А, 200072 т> 


The collective cross section for 30 main arteries is given by 


Ay 
a =x (0005) x 30m 
z Құты, 
5 қ 
9 20007) (033) = (00039): (0) v, 
ve 228 aug 
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"Thus, the velocity of the blood in the main әлегіс is 0044 ms. Consequently, the 
blood velocity in capillaries is much smaller, which gives time for the tissues to exchange 
‘oxygen and carbon diode as well as nutnents and excretion products. Divine wonder IS 
countless. 

Viscosity 

We observe viscosity as follows 

1) We hang two funnels each on a stand and put a beaker under each. We pour alcohol in 
one funnel and a similar volume of glycerine in the other, and observe the velocity of 
flow of cach. We notice hat the Mow velocity of акад is higher dhan hat of 
glycerine 


2) Take two similar beakers, one containing a certain volume of water and the other an 
equal volume of honey Stir the liquid in both beakers with a glass rod. Which of the two 


liquids is easier to stir ? Then, we remove the rod Ме notice that 


peren 


à) Water is easier to stir, which means that water resistance to the glass rod is less than 

the resistance of honey. 

b) The motion in honey stops almost immediately after we remove the rod, while it 

continues fora itle while longer in water. 

3) We take two long similar measuring cylinders and fill them to the end, one with water and 
the other with glycerine. Then, take two similar seal balls and drop one in each liquid, and 
record the time each ball takes in each liquid to hit tbe bottom. We observe that the time in 
water is less. Thus, the glycerine resistance to the ball motion is greater . 

We, thus, conclude > 
1) Some liquids such as water and alcohol offer little resistance to the motion of a body in 

them, and are easy to flow. We say they have low viscosity 

2) Other liquids such as honey and glycerine are not as easy to move through „le. they 
offer high resistance to body motion, and are said to have high viscosity. 

То interpret viscosity, imagine layers of liquid trapped between two parallel plates, one 
stationary and the other moving with velocity v (Fig 4-7). The liqui layer next to the 
stationary plate is stationary, while the layer next to the moving plate is moving atv. The layers 
in between move at velocities varying from o to v. The reason for this is as follow 


a 
Force acting on the upper layer of quid Layers ol a quid wide with 


a) Friction forces exist between the lower plate and the liquid layer ia contact with it. This 
force is due to the adhesive forces between the molecules of the solid surface and the 
contacting liquid molecules. This leads to zero velocity of the layar in contact with the 
stationary plate. Similarly, the upper layer moves at thc same velocity of the upper plate. 

b) The existence of another friction (shear) force between each liquid byer and the adjacent 
‘one, which resists the sliding of the liquid layers with respect to cach other. This 
produces a relative change in velocity between any two adjacent layers. Thus, viscosity 
is the property responsible for resisting the relative motion of liquid layers This type of 
flow is called nonturblent viscous laminar flow (or viscous steady flow), since no 

vortices occur. 


Coefficient of Viscosity 


Referring to Fig (4 - 6), we find that for the moving plate to maintains its constant 
velocity, a force F must exist. This force is directly proportional to both velocity and area 
ofthe moving plate A, and inversely proportional to the distance betwee the plates d. 


(4-4) 


The coefficient of viscosity ( Nsm? or kg/m s ) may be defined as 
the tangential force acting on unit area, resulting in unit velocity difference between 
two layers, separated by unit distance apart . 


pn 


-Lubrication : 
Metallic pars in machines have to be lubricated from time to time. This process lead to: 
a) reduction of heat generated by friction. 


protecting machine parts from corrosion (wear)‏ رط 


Lubrication is carried out using highly viscous liquids. If we use water (low viscosity), 
it will soon seep away or sputter from the machine parts due its low adhesive forces. 
Therefore, we must use liquids with high adhesive (high viscosity). so they remain in 
contact with the moving machine parts. 

2-Moving vehicles 

When a car attains its maximum speed, the total work done by the machine which is 
supplied by the bumt fuel, acts most of the time against air resistance and the forces of 
friction between the tires and the road. At relatively low and medium velocities, air 
resistance to moving bodies resuhing from air viscosity is directly proportional to the 
velocity of the moving body. When the velocity exceeds a certain limi, then the air 
resistance is proportional to the square velocity rather than the velocity leading to a 
‘noticeable increase in fuel consumption. Therefore, it is advisable not to exceed such a 
dimit (80— 90 km/h ) 
3.In medicine 

Blood precipitation rate : when а ball undergoes а free fall in а liquid, it is under three 
forces its weight, buoyancy of the liquid and friction between the ball and the liquid due م‎ 
viscosity. It is found that such a ball attains a final velocity which increase with its radius. 

This is applied in medicine by taking a blood sample and measuring is precipitation rate. The 
doctor may then decide if the size of red blood cells is normal or not. In the case of rheumatic 
fever and gout, red blood cells adhere together, and therefore, their volume and radius increase 
and the sedimentation ( precipitation ) rate increases. In the case of anemia, йе precipitation rate 
is below normal, since the red cells break up. Hence, their volume and radius decrease 
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Definitions and Basic Concepts: 
© A fluid is a substance that can flow and does mot take a definite form. 
* A steady flow in a tube requires 
ıa) the liquid fills the tube completely. 
b) the quantity of liquid entering the tube at one end is equal to the quantity of liquid 
‘emerging at the other end in the same time, 
* Viscosity is he property where resistance (or friction) exists between the layers of the 
liquid hindering the easy sliding of these layers. 
+ Coefficient of viscosity (kg?) is the tangential force acting on unit area resulting in 
unit difference of velocity between two layers separted by unit distance apart. 
Basic laws 
The volume rac of a liquid flowing with velocity v ciun» ака A in ші ішк 0,5 AV 
The mass rate of flow is 000, 
* The continuity equation is A, v, 


о 
B 


id 
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The coefficient of viscosity for a fluid is given by: 


m 


MUN 


АН 


Where F is the tangential force between two layers of а liquid, A is the area of the 
‘moving layer, v is the velocity of the moving layer and d is the distance between the 
‘moving and stationary layers. 
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T) Define 
1) fluid 2) viscosity 3) coefficient of viscosity 

TI) Essay questions 

1) Prove that the velocity of a liquid at any point in a tube is inversely proportional ما‎ the 
‘ross sectional area of the tube at that point. 

2) Explain the property of viscosity. 

З) Ilustrate some applications of viscosity. 

III) Drills 

1- Water flows in a horizontal hose at a rate of 002 m3s, calculate the velocity of the 
Valer in a pipe of cross sectional area lem Qm) 


2- Water flows in a rubber hose of diameter 1.2 cm with velocity 3 m/s. Calculate the 
diameter of the hose if the velocity of the emerging water is 7 mls . (04cm) 

3- A main artery of radius 0,035 cm branches out to 80 capillaries of radius 0.1 mm, If the 
velocity of blood through the artery is 0.044 mis what is the velocity of blood in each 


‘of the capillaries? (0.0067 mis) 
¶ The cross sectional area of а tube at point А is 10 cm? and at point B is emê. If the 
velocity of water at A is 12 m/s, what is the velocity at B 7 (60 mis) 


5- The cross sectional area of а water pipe at the ground floor is 4х 104m?. The 
velocity of the water is 2 m/s. When the pipe tapers to a cross sectional area of 2 x 
10-4m? at the end, calculate the velocity of the flow of water at the upper floor. 

(Amis) 
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Jt can be shown that gas molecules are in continuous random moin called Brownian 
motion as follows: 

If we examine candle smoke through the microscope,we notice that the smoke 
particles move randomly. The motion of the carbon particles is called Brownian motion, 
after Brown, an English botanist who discovered for the first time in 1827 that tiny pollen 
runs suspended in water moved randomly. 
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Interpretation of Brownian motion 

Air (gas) molecules move in a haphazard (random) motion in all directions with 
different velocities, During their motion, they collide with each oder and collide with 
smoke particles, Due to the resultant fore on a smoke particle, it will move in а certain 
direction through a short distance and so on, always moving, colliding, and changing 
direction. The reason for this is that the gas molecules are in a free motion (due t heat) 
amd in constant collision, so they change their direction randomly (Fig 5-1). 
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It can be concluded that 
- Gas molecules are in а state of continuous random motion. 
~ In their motion, they collide with each other and collide with the walls of the container 
- The distance between the molecules is called intermolecular distance (more or less 


constant for different gases at the same conditions) 
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Presence of gas mtermolecuor astances 
The evidence of the existence of intermolecular distances can be shown as follows: 

When a graduated cylinder filled with ammonia gas is placed. upside down on another 

cylinder filled with hydrogen chloride gas (Fig 5-2), a white cloud of ammonium chloride is 

formed, then it grows and diffuses until it occupies all the space within the two cinders, 
This can be explained as follows. Hydrogen chloride gas molecules - in spite of their 

higher density - diffuse upwards, through spaces separating ammonia gas molecules, where 

they combine together forming ammoniam chloride molecules, which diffuse to fill the 
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upper cylinder. Also, ammonia gas molecules - in spite of their lower density - di 
downwards through spaces separating hydrogen chloride gas mokcules, where they 
combine forming ammonium chloride molecules, which diffuse to fill tle lower cylinder. 


se 


Accordingly, we can conclude that there are large spacings separating the gas molecules, 
known as intermolecular spacings, This is to be tied to the compressibility of gases. These 
large intermolecular spacings allow gas molecules to get packed togeher when pressed. 
Thus, a volume occupied by a gas decreases with increased pressure. 
Gas Laws 
Experiments performed to evaluate the thermal expansion of a gas a complicated. The 
volume of a gas is affected by changes in pressure as well as by temperature. This 
difficulty does not arise іп the case of solids or liquids, as these are very much less 
лире 
In order to make а ful study of the behavior of a gas, as regards volume, temperature and 
pressure, three separate experiments have to be carried out to investigate uc effect of cach 
pair, respectively, ie. we study the relation between two variables only, keeping the third 
vota These experiments ate 
1- The relation between the volume and pressure at constant temperature (Boyle's law). 
2- The relation between the volume and temperature at constant pressure (Chare's law) 
3- The relation between the pressure and temperature at constant volume (Pessure law or 
Jolly's law). 


We are going to study each of these three relations. 
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То study the relation between the volume of a fixed mass of gas and its pressure at 
constant temperature, the apparatus shown in Fig (5-3) is used. It consists of a burette (А) 
connected by a length of rubber tube to а glass reservoir (B) containing а suitable amount 
of mercury. (A) and (B) are mounted side by side onto a vertical stand attached to a base 
provided by three screws with which the stand is adjusted vertically. The reservoir (B) is 
movable along the stand either upwards or downwards and can be fixed at any desired 
position. 

Procedure: 

1- The tap (A) is opened and the reservoir (B) is 
raised until the mercury level in burete A iS 4 
about half full. taking into account that the — e ВЕ 
mercury levels are the same in both sides. | 
(Fig 539) 

- The tap (A) is then closed. The volume of the 


enclosed arr s measured, let it be (Va). Its 


pressure is also measured let it be P,, which 
equals the atmospheric pressure P, (cmHg) 
which may be determined using а 
barometer. a 


3- The reservoir (B) is then raised à few mm ° 
centimetres and the volume of the enclosed 
air is measured (Vh. The difference 


Boyle's apparatus 
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between the two levels of mercury in both sides (h) is determined . In this case, the 
+h (85-36), 
4 Repeat the previous step by raising the reservoir (B) another suitable distance and 


measure (Ү,), and P in the same manner 

5- The reservoir (B) is then lowered until the mercury level in (B) becomes lower than its 
level in (A) by a few centimeters. Then, the volume of the enclosed air is measured 
(V,), and its pressure (Р) is determined P, =P, -h where h is the difference between 
the wo levels of mercury in both sides (Fig 39. 

The previous step is repeated once more by lowering (B) another sul distance. Then 
(V) and P, are measured in the same manner, 

7- Plot the volume of the enclosed air (V) and the reciprocal pressure ( ; ) We obtain 
a straight line (Fig 5-4) Thus, we can conclude іші: 

мр 

даће volume of a fixed mass of gas is inversely 

proportional to ihe pressure, provided that the We 

temperature remains constant. This is "Boyle's law”, 

Boyle's law can be writen in another form, as: 


const 


— 


E 
وال‎ = Const б-р 
ie. is : at а constant temperature, the product -4 
PV, of any given mass of a gas is constant. 
Relation between volume and 
recprocal pressure of gas 
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‘We have already known that gases contract by cooling and expand by heating. But, does 
the same volume of different pases at constant pressure expand by the same amount? 
To show this, let us do the following experiment: 
1- Take two flasks of exactly equal volume, cach fitted with a cork through which a tube 
bent 90° is inserted. In each tube, there is a 
thread of mercury of length 2 or 3 сп. Fill one of 


the flasks with oxygen and the other with carbon 
dioxide or air. Submerge the two flasks in a 
vessel filled with water as shown in Fig (5 - 5). 


2- Pour hot water into the vessel and notice the 
distance moved by the mercury thread in both 


tubes. You will find that these distances are oc E wes 


of a gas at constant pressure 
equal. This indicates that equal volumes of 


different gases expand equally when heated through the same temperature rise . in 
other words, they have the same volume expansion coefficient. 

Volume expansion coefficient of a gas at constant pressure а, is defined as : 

"It is the increase in volume at constant pressure per unit volume at С for ГС 


temperature ". 
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To investigate the relation between the gas 


volume and its temperature at constant pressure, 


stum inkt 
the apparatus shown in Fig(5 - 6a) is used. I 

consists of a capillary glass tube 30 em long and n 

about 1 mm diameter with one end closed. The m 

tube contains a short pellet of mercury enclosing yey 

an amount of air inside i whose length is 

measured by a ruler stand. The aparatus 5 дау са 
‘equipped with a thermometer inside a glass ies immi 
envelope. We follow the folowing procedure: ED 

1- The glass envelope is packed with crushed ice — 


and water It is then left until the air inside the 
glass tube has fully acquired the temperature of melting ice(0'C). 

2 The length of the enclosed air is then measured, and since the tube has a uniform 
cross-section, the length of the enclosed air is taken as being proportional to its volume 
(alc 

3- The се and water are removed from the envelope and steam is pasted through the top 
and out at the bottom for several minutes to be sure that the tempera ure of air becomes 
100°C . Then, the length of the enclosed air is measured. It is taken as a measure of its 
volume (Vo с 

4- A relation between V, and °C is ploted (Fig 5-60). We see that such a relation is a 
straight line; which if extended will intersect the abscissa at 


Те value of به‎ obtained experimentally is 1073 per unit degree rise in temperature 

degree Kelvin. 
Since equal volumes of different gases expand equally at constant pressure, he volume 

coefficient of expansion of all gases have the same value . 
This result was formulated by Charle as follows: 


“The volume of a given mass of paskept at constant pressure expands by 775 of 
its value at °C per each degree rise in temperature-This тіне isthe same for all 


pss. 
Note: 1 degree rise in Kelvin = 1 degree rise in Celsius, (why?). 
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- To investigate how the pressure of a gas depends on temperature, th apparatus shown 
(Fig 51) may be used, The gas under test is confined in a flask by mercury in a U 
tube. The flask is fitted with a cork. The surfaces of mercury in the two branches (A) 
and (B) have the same level at xy. Thus, the pressure of the enclosed air is 
atmospheric. We then determine the temperature of air. Let it be ع" را‎ 


A 
pe 


ir 
0 [] 
Effect ol he temperature on the. 
proesure nt a gas at conetant volume 


2- Submerge the flask in a vessel containing lukewarm water at tz'C. You will notice that 
the level of mercury decreases in branch A, while it rises in branch B (Fig 5-7). 

3- We pour mercury in the funnel C, until the level of mercury in branch A retums to the 
mark x then the volume of the enclosed air in the flask at t'C is ecual to ће volume 

ally CES. 

4- We notice that the surface of mercury in branch B exceeds that in branch A by an 
amount" (cm). This means that the pressure of he enclosed air has increased as a result 


of the temperature rise trom t, C to tC by an amount equal h (cmHg) Fig 5-70) 
ىسيع‎ — —— — — 
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5- Repeating this experiment several times for different gases and measuring tle amount of 
increase of gas pressure at constant volume for the same rise in temperature, we find: 
a- At constant volume, the pressure of a given mass of gas increases by increasing 
temperature. 
b- At constant volume, equal pressures of gases increase equally. when heated through 


ac range of temperatures. We define the pressure expan 


coefficient of a gas 
at constant volume (Bp) as 
“It is the increase in gas pressure at constant volume per unit pressure at 0°C for 
m degree rise in temperature”, ال‎ is found to be the same for all gases, 


e RR 


It was found experimentally that the increase 
in gas pressure is directly proportional o the 
initial pressure at 0°C (Py) as well as ما‎ the 
rise in its temperature, (АГС). This is expressed 


as follows: 


АР oc Prc A(O) 


Brac AWC) 


2 
Beam) 63 


where By is a constant value, It is the pressure 


2019-2020 مطبعة أكتوبر الهندسية 


expansion cofficient of a gas with temperature, at constant volume. is the same for all 
gases. 

To measure fp of a gas at constant volume, Jolly's apparatus shown in Fig (58) is used. 

It consists of a glass bulb (A). The bulb is joined to a capillary tube (B) bent in the form of 

two right angles. The bulb and the tube are mounted on a vertical ruler attached to a board 

which is fixed on a horizontal base provided with 3 leveling screws. 
The capillary tube (B) is connected to a mercury reservoir (C) by means of a rubber 
tube. 

Wa fallow the following разсее 

1- Determine the atmospheric pressure (P,) using a barometer 

2- Pour mercury in (A) to 1/7 of its volume to compensate for the increase in its volume 
When heated, so that the volume of the remaining part ік still constant, (the volume 
‘expansion coefficient of mercury is seven times the volume expansion coefficient of 
үне) 

З. Submerge reservoir (A) in a beaker filled with water and pour merouy in ihe fice cd 
(C), unti it rises in the other branch to mark (X). 

4- Heat water in the vessel to the boiling polat and wait until the temperature settles, and 
the mercury level in the branch connected to the reservoir stops decreasing. 

5- Move the free end (C) upwards until the the mercury level in the oher branch rises to 
the same mark X. Then, measure the difference in height between th: mercury levels in 
the two branches (h). From this, determine the pressure of the enclesed air P, which is 
‘equal to the atmospheric pressure (cm Hg) plus h, i.e., P=Path 

6- Move the branch (C) downwards and stop heating. Then let the reservoir cool down to 
nearly 90°C. Then move the branch (C) upwards until the mercury level in the branch 


‘connected to the reservoir rises to mark X. 


M 
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Then determine the temperature and the difference in beight between the mercury levels 
in both branches. From this we calculate the pressure of the enclosed air in this case. 


7- Repeat at different temperatures and determine the pressure of the enclosed 


case. 


gas in each 


8- Plot the relation between pressure (vertical axis) and temperture (horizontal axis) We 


find that the relation is a straight line. 


We calculate the pressure coefficient of a gas at constant volume from the equation: 


(5-4) 


The vale of Pp obi ; 


Moreover, the same result is obtained for all gases. 


experimentally is 


From the results above, we conclude that: 


зу Fruit degree rise in temperatur. 


At concant volume, the pressure of a given macs of any gas changes hy 5 of its 


value at 0°C for every degree change of temperature. 


Using the apparatus shown in Fig(5-7) to measure the volume of the enclosed airat different 


‘temperatures, the result may be plotted as a graph relating temperature (СС) (hori 
and volume (vertical axis), We find it to be а straight line. When extended to i 
the horizontal axis, we find that the point of intersection is at -273°C (Fig 5-9). 

We can plot the results obtained using Jolly’s apparatus. The graph obtain 
relation between the temperature (ГС) and pressure. It will be as shown in 
Extrapolting backwards the straight line, it cuts the temperature axis at (27 


ont axis) 
iersect the 


«d shows a 
Fig(5-10). 
l'C). This 


suggest that -273'C is the lowest temperature attainable theoretically or the absolute zero, 


ie. zero Kelvin. We may, thus, define the absolute zero as: 
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tec tic 


Zoro Kehin hom Chase ow 
is the temperature at which the volume and the pressure of an ideal gas disappear. The 


mperature on the Kelvin scale has a positive value only, while the Celsius scale 
anges between positive and negative values. 


S 


seo 


Zero Кемп trom pressure law 


— 
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The absolute zero 
(The Kelvin scale) 

‘We can replt Figs {5-9 5-10) such that the abcissa is absolute temperature, We obtain 
Figs(5-l1 , 5-12) At absolute zero, V = 0 and P =0. In fact, with extreme cooling the 
material is no longer gaseous, but transforms 10 liquid or often solid. Hence, it does not 
obey the gas laws. We may define the ideal gas as that gas whose volume and pressure 
‘vanish at absolute zero. tis to be noted that we have neglected in deriving the gas laws the 
forces of stration among the molecules and the size of be molecules with respect to the size of the 
tonne. This is called the perfect gas condition. 


Lm 
P. 
, 
LAN 
Y- 
را‎ 
) 
5 E 
Relation between volume and Relation between pressure and 
temperature at constant pressure temperature at constant volume 


To find the relation between the Celsius and Kelvin scales, we note. 
OfKcomsponásto (-27УС) 


O'Ccomesposto — (2TYK) 
100'C corresponds (37УК) 
In general, 


Т(К)-2 (СС) | (5-5) 
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1١ Refering to (Fig 5-9), 


we note that the triangles ABC and ADE are similar. Therefore: 
BC=(Vol), 


"EUST 


Wa | (5-6) 


Thus, at constant pressure, the volume of a fied mass of gas is directly proportional to 


its temperature on the Kelvin scale This is another formulation of Chase's law. 


Thats 


P 


P const 
T 


or PaT 


sing Fig (5-10) the following relation can be obtained in similar way: 


(5-7) 


Thus, at constant volume, the pressure of a fied mass of gas is directly proportional to 
its temperature on the Kelvin scale. This is another form of pressure (olly's) law 
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We have sen that the gas behavior can be described by three variables, namely. volume. 
pressure and temperature. The equation relating these thre variables together is the general 
gas haw. 


From Boyle's law Gei From Charl’ law шат 

Therefore : Vast From which Van icis 
P 

Therefore : — 


PAYA), الف‎ 
T n (5-8) 


This is the general gas law, which satisfies as well Joll's law. 
Go Further 


RAD Oi 
For more knowledge about this topic you ENES 
can refer to the Egyptian Knowledge Bank dr 


(EKB) through the opposite links ТУ ЕЕ 9 
Examples. 

1- The volume of a gas at 0°C is 450 cm. Find its volume at 91°C. assuming that pressure 
is constant 

Solution: Vah Т) 


2-Halfa iter of hydrogen is heated from ЮС to 293°C Find йз volume assuming that the 
pressure is constant. 


расе 2019-2020 


5 1930210 


Wah T 
Wa T, 
50 _ 23410 
Wah 20623 


300x566. 
m 


v 


+= 100 cm? = 1 liter 


3 The pressure of a gas at 26'C is 598 cmHg. Find its pressure at 130°C, assuming that 
the volume is constant. 


4 The volume of a gas al 27'C under a pressure of 60 cm Hg is 380 cn. Find its volume 
at normal temperature and pressure У.Р) 
Solution: 
Normal (or standard) pressure and temperature means at ('Cior 273°K) and under a 
mesure of 16em He. рд рыу), 


S- The volume of a vessel containing nitrogen gas is 15 liters under a pressure of 12 cm Hg. 
The volume of another vessel containing oxygen gas is 10 liters under a pressure of $0 
cm Hg. The two gases are mixed in another vessel of volume 5 liters. Find the pressure 
ofthe mixture if the temperature of the two gases and the mixture is kept constant 

Solution: 

Every gas after mixing occupies a volume of 5 liters. To find the pressure of the nitrogen 
gas we use the equation: 


PVa= P, (Vah 


Qus 


To find the pressure of oxygen gas we use the equation: 
PV, = P; Vas 
RLE 
377% 
Since the pressure of the mixture equals the sum of the pressures of each gas, hence, 
P 


+ 


= 36+ 1002 135 cm Hg 
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1- Definitions and Basic Concepts : 

‘Gas molecules are in continuous random motion and collide with cach other and with the 
walls of the container. 

. There are spaces between gas molecules called intermolecular distances. 

e Boyle's law: At constant temperature, the volume of a fixed mass сіз gas is inversely 
proportional t its pressure. 

Chars lav: А constant pressure, the volume of a given mass of a gis expands by سك‎ 

of its volume at (C per cach degree rise in temperature. Allematively, at constant 

pressure. the volume of a given mass of gas is directly proportional c its temperature on 
the Kelvin scale. 

e Presume lw; At constant volume the pressure of a given mass of gas rises by 
1 

Т its initial pressure а ОС per each degree rise in temperatur, Alternatively, at 
constant volume, the pressure of a given mass of gas is directly proportional o its 
temperature on the Kelvin scale. 

v Pessure coefficient of all gases at constant volume = volume coefficient of expansion at 
constan presure foral gases 7 = 003643, 

‘Absolute temperature (Kelvin scale) = 273 + 'C. 
2 Basic laws: 

YE V is the volume of a given mass of a gas, P its pressure and T its temperature on the 
Kelvin scale: 

«Boyle's law: PV q = const (at constant temperature) 
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e Chark’slaw Yo 
T 


Pressure law 3 = const (at constant volume). 


const (al constant pressure). 


a (General law of gases) Pi 
T 


e Mt means that Pie cont 


4 Volume expansion coeffieint of а gas at constant pressure per unit degree rise іп 
temperature а, is given by: 
(Vale: (aloe 
a= Waer im 
Pressure coefficient of a gas at constant volume per unit degree rise in temperature Ê is 
riven by 
Pre- Рс 1 
то > т 
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1) Complete (Fill in the spaces) : 
Which phrase (a-e) completes each of the next following statements (1-3)? 
a) increases by a small value. 
b) decreases by a small value. 
€) remains constant. 
4) doubles. 
e) erences tit half value 
1- IF the pressure of a gas is doubled at constant temperature, So із volume. 
2- Ifa barometer is transferred to the top of a mountain above the sea level, the length 


of mercury in the barometer 
3- If the absolute temperature of a gas is decreased to be half its original value at 


‘constant pressure, so its volume 


II) Choose the correct answer: 
1- The increas of the temperature of a car's tire during mation leads to 

1) am increase in air pressure inside the tie 

2) an increase of air volume inside the tire. 

Ja decrease of the contact area of the tire with the road. 

Choose the correct letter (a-e) 

3) (1.2, 3) are corect. 

b) (1,2) only are correct. 

6) (1,3) only re cort 

4)3 only is cores. 

€) Lonly is correct 
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2- The temperature of a normal human body on the Kelvin scale is about: 
30K ark ©) 100K 
OMK 930 
3- The volume of a given mass of a gas is 
a) inversely proportional to it temperature at constant pressure 
b) inversely proportional о its pressure at constant temperature. 
€) directly proportional to its pressure at constant temperature. 
4) directly proportional to its temperature at variable pressure. 
€) inversely proportional to its pressure at variable temperature. 
4 The pressure of a gas at 10°C is doubled If it is heated ar constam volume to: 
awc Dr ©) 160°C 
#297с e) 410°C, 
5 If we press a gas slowly to half of its original volume: 
ıa) ts temperature ıs doubled, 
b) its temperature is decreased ما‎ half its value. 
c) its pressure will be half of its original value. 
d) the velocity of its molecules is doubled. 
€) the pressure of the gas is doubled. 


TIT) Eassy questions 


1- How can you show experimentally that the volume coefficient of expansion at 


constant pressure is the same for all gases? 


2. Describe an experiment to find the pressure coefficient of a gas at constant volume 


and that it is the same for all ases 
3- How can you verify Boyle's law experimentally? 


¶ How can you show that pressure ofa gas increases by raising temperature at constant 


volume? 
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$- How can you determine experimentally he abolute zero? 
6 Explain the meaning of zero Kelvin and the absolute temperature scale. 
7-Deduce the general gas law. 


V) Drills 
1- The temperature of one liter of gas is raised from 10°C to 293°C at constant pressure, 
find its volume. ites) 


2 A container containing air at ОС is cooled to (91°C). Its pressure becomes 40 em 
Hg. Find the pressure of the gas at 0°C (60m 
He) 


3-The volume of a quantity of oxygen at 91°C under & cm Hg is 760 сп? (8Т.Р) Find 
its volume at 0°C under a pressure of 76 cm Hg. (630 т?) 


4A flask containing air is heated from 15°C to 87°C. Find the ratio between the volume 
of air اسلا‎ oes out fium tw its iginal кішік. (25%) 


S- A tire contains air under pressure 15 Atm at temperature (3°C). Find the pressure of 
Air inside the tire if the temperature is raised 10 51°C, assuming thatthe volume is 
constant. (18 Am) 


‘6 An air bubble has a volume of 28cm? at a depth of 10.13 m beneath the water surface, 
Find its volume before reaching the surface of the water, assuming that the 
temperature at a depth of 10.13 m, is T'C and that at the surface is 27°C 

(Letg= Ims? , Р, =1.013x 10° Nin, p= 1000 kg/m?) (60 cm) 
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